Abstract
Introduction
The goal of our research is to analyze online communities by viewing them as social systems, such as stock markets, traffic systems, and supply chain management. Social systems demonstrate complex dynamics; the behavior of a system is determined by the interactions among individual elements that constitute the system while the behavior of each element depends on the whole system. Figure 1 illustrates the two types of interactions. The horizontal interactions among elements affect the system dynamics and the vertical interactions between the system dynamics and its elements affect how each element behaves; i.e., an element's decision-making model [9] .
This interdependence between the system dynamics and decision-making models of its internal elements makes it Figure 1 . Dynamics inside of social sytems impossible for us to understand and model the social system and its elements simply by making surface-level observations of the system. Take an analysis of stock market, for instance. We can perceive stock movements as one of the observable surface-level phenomena on complex dynamics generated through economic activities. However, the stock movements do not help us understand the interactions among the entities of economic activities, including investors, companies, consumers and social conditions, which have caused the stock movements. The simulation that models the surface-level dynamics of a system, therefore, does not help us understand the phenomena inside of the complex system.
Multi-agent systems approaches have been applied to the
Figure 2. Web browsing database
analysis of social systems in order to address the above problem [5, 6, 8, 11, 17] . A multiagent system is composed of two or more intelligent agents that have detectors, effecters, and a decisionmaking mechanism. An agent perceives an environment through detectors, and performs actions through effecters. The agent determines the course of actions made by the decision-making mechanism. Using these mechanisms, a multiagent-based simulation reproduces the phenomena inside complex systems, including decision-making processes of an agent, local interactions among agents and system dynamics generated by the local interactions, allowing us to observe and understand them.
In traditional multi-agent systems approaches applied to social systems, an entity in a social system is defined as an agent that has the decision-making system given by system designers. Researchers investigated how the interaction among agents influences the system and how the system dynamics influences the decision-making process of an agent. In such approaches, the decision-making model of an agent is made from a simple payoff matrix or a utility function through formulating the agent's purposes as the benefit maximization, assuming that agents are homogeneous.
When applying the same approach to the analysis of online communities, in contrast, we need to develop a decision-making model of an online user, which itself contains many uncertain factors. Online communities are composed of users who have diverse purposes and interests. It is difficult to formulate the agent's purposes as a simple benefit maximization problem. We cannot simply assume that agents are homogeneous.
To address the challenge, our approach is to use the real activity data of online users to derive a situation-based decision-making model for an agent that constitutes the multiagent system. Online community activities, for instance, open source software development, E-Learning, or the use of MLs, Chat or Bulletin-Board systems, can be recorded through access histories. We use neural-networks and learning algorithms to build a decision-making model for each agent of a multi-agent system. We use the WebPAC data, which consists of thousands of Internet user questionnaire results and Web access logs as data collected from actual users.
In this paper, we first describe the features of the online community. Next we introduce multi-agents approaches for the analysis of the online community, and survey existing studies of multia-gent systems. Then we explain how to make a decision-making mechanism of an intelligent agent from the real activity data of online users.
Online Communities
In this section, we describe online communities, which are defined as a social aggregation consisting of Internet users with various purposes and interests.
In existing studies, in order to analyze online community activities, analysts typically investigated the user data that were collected from a single Web site, for instance, Chat, E-learning or open source software. In these studies, the online community users were naturally assumed to have the same purposes and interests. Figure 2 ). User profile data consists of thousands of Internet user questionnaire results. This questionnaire consists of a number of properties of a user, for instance, age, sex, job, the frequency of computer usage, the information resources, and the favorite brands.
We make use of Web browsing data to build the decision-
The Fourth International Conference on the Advanced Mechatronics (ICAM'04) Copyright©2004 The Japan Society of Mechanical Engineers Figure 2 shows the Web browsing database recording window titles, URLs, and domain names, which are collected when an Internet user browses Web sites. We are able to imply the Internet user characteristics, for instance, the user purposes, the frequency of using computers and the period of using Internet, through analyzing such Web browsing data. In the next section, we describe the research framework for studying social systems based on multi-agent systems, and how to make the decision-making model of an agent.
Multi-agent System Approaches

The Framework of Multi-agent Systems
In this section, we describe the framework of multi-agent systems [10, 15, 20] , and overview the social system simulation based on multi-agent systems. Multi-agent systems are one of research domains derived from distributed artificial intelligence (DAI). One of this research goals is to study how an agent adjusts knowledge, goals, skill and plan, to generate the collective behaviors through the interactions among agents. Multi-agent systems are composed of two or more intelligent agents ( Figure. 3(a) ). An agent has detectors, effecters and a decision-making mechanism (Figure. 3(b) ). Using these mechanisms, a multiagent-based simulation reproduces some phenomena inside online communities, including decision-making process of an agent, local interactions among agents and the system dynamics generated by local interactions, allowing us to observe and understand them.
Traditional Multiagent System Approaches
Multiagent-based simulations were used to analyze social systems, such as public goods problem, traffic simulation, supply chain management and open source software (OSS) development. Public goods problem [8] used the simulation based on Game Theory [7, 12] to explain why we need to provide the public goods. This simulation used an agent that has a simple payoff matrix given by system designers as a consumer. Traffic simulations [5, 6] were used to analyze how a roadway or a parking space affect traffic flows. This simulation used an agent that has some simple rules given by system designers as a car. These rules were made from the empirical rules of designers, for instance, stop at a red light, reduce speed when the distance between two cars is narrow. Supply chain management [18, 17] used multiagent-based simulations to optimize the supply chain network. Supply chain management is new management technique to minimize total costs that are composed of inventory costs, distribution costs, and so on. This simulation used an agent as an element of a supply chain network, such as manufactures, distributors and customers. An agent selects an action based on the utility functions given by system designers. The analysis of OSS communities [19] used multiagent-based simulations to understand the phenomena inside of OSS communities [11] . This simulation used an agent as an open source software developer. The agent selected an action from some rules, which were creation of a project, participation of a project, abandonment of a project and continuance of the current collaborations, based on simple utility function given by system designers. Figure 4 shows a correlation diagram of the traditional decision-making models. The horizontal axis shows the complexity of a model. The left and the right vertical axes show the difficulty of mathematical analysis and the affinity to real world respectively. In order to analyze the simulation results mathematically, the traditional multiagentbased simulations employed the simple payoff matrix or the simple rules, and assumed that all agents are homogeneous. However, Internet users have a variety of interests and purposes, and there exist significant differences among individuals. Thus, we should not assume that the decisionmaking models of Internet users are homogeneous, and are constructed by such as simple payoff matrix or the simple rules. We need new approaches to build decision-making models of Internet users. 
Design Problem of Decision-making Models
We assume that the type of the Web site which an Internet user browses at the next step depends on the access time, the browsing time, and the type of the currently browsing Web site. If we define an output as the type of the Web site to visit, and an input data as the access time, the browsing time, and the currently browsing Web site, we are able to treat the design problem of the Internet user's decisionmaking model as the design problem of the mapping function between input-output spaces. Then we are able to divide the design problem of the decision-making model into the design problem of the mapping functions and the inputoutput spaces. The design problem of the mapping functions is to determine how we should build a mapping function between input-output spaces. The design problem of the input-output spaces is to determine what we should select as the input and the output data, and which format we should change the input and the output data into. Next, we describe the design problem of the mapping functions between the input-output spaces in detail.
Design Problem of Mapping Functions
In order to build mapping functions between inputoutput spaces, we employ the artificial neural networks (ANNs) that can approximate nonlinear functions, because it is difficult to build the user decision-making model through the linear functions. ANNs is composed of the neurons and the networks between the neurons. A neuron is an information-processing element of multi-input one output. Some neural network models have been proposed, for instance, multilayer network, radial basis function network, recurrent network, etc. A network has a weight parameter that adjusts an output value of a neuron. The output values of a neural network can be changed through updating the weight parameters. The weight parameters of a neural network are updated after each presenting the training data set that is a correct input-output data set. After training, the neural network can output the correct values for the unknown input data. Some updating techniques have been proposed, for instance back propagation, EM algorithm, reinforcement learning, etc. Thus, we can make the decisionmaking model of an agent by employing the neural network techniques.
Design Problem of Input-output Spaces
In order to describe how users transfer between Web sites, we assume that input data X and output data Y are defined as X = {a t , b t , V t } and Y = {V t+1 } respectively. Where a t is the access time, b t is the browsing time, V t is the type of the Web site accessed at the user's t th step, and V t+1 is the type of the Web site accessed at the user's (t + 1) th step.
However, we have to consider how to describe the types of Web sites, because it is difficult to identify the types of Web sites adequately, label all types, and classify all Web sites into appropriate types. For example, shopping can be divided based on sales styles as follows; online store, auction and rental shop, and also can be divided based on goods types as follows; books, foods, electric appliances, and clothes. Thus, classification of the types of Web sites can be underspecified.
The number of the identified Web sites affects the approximate accuracy of the decision-making model of an agent. For example, if there are some types, such as entertainment, travel, shopping and news, and a user bought some books and clothes on online shops, and browsed some auction sites. All Web sites accessed by this user are classified into shopping; i.e., it is difficult to simulate the user behavior patterns. In contrast, if there are many types, it takes a lot of time to train the mapping function. Some of Web sites can be classified into some types. For example book has some types such as shopping, entertainment and education.
As stated above, it is difficult to identify the types of Web sites adequately, label all types, and classify all Web sites into appropriate types. We should propose the new notation system that indicates the types of Web sites. In the next section, we explain how to describe the types of Web sites. 
Notation System for The Types of Web Services
We make use of the window titles of Web sites in order to describe the types of Web services. The window titles include some keywords that specify the types of Web services. For example, if a user browses a Web site such as "Yahoo Auction", and the recorded window title is "Jewelry & Watches -Yahoo Auctions". In this case, we can extract some keywords such as "Jewelry", "Watches", "Yahoo" and "Auctions", and can specify the type of the Web service by those keywords. Firstly, we construct the vector space model [14] V ∈ R N . Where N is the number of keywords. Next, we describe the type of the Web service that i−th user browsed at t th step, as follows:
We employ a morphological analysis tool, which is called ChaSen 1 [4] , in order to extract the keywords from the window titles. The procedure of using the morphological analysis tool is as follows:
• We extract the keywords from the window titles.
• We calculate the word frequency of each keyword.
Results of Morphological Analyses
We show the results of morphological analysis of Web-PAC data, and discuss how to build the keyword vector spaces by using the nouns extracted from window titles. The number of users, who actually accessed Web sites for the period of one month, was 3667 users among 5947 users. 1 ChaSen was developed at Nara institute of science and technology. Keyword vector spaces were composed of 70312 nouns extracted from all window titles. The average length of the keyword vector was 78.8, and the longest length of the keyword vector was 1879. Figure 5(b) shows the histogram, where the x-axis is the length of the keyword vector, and the y-axis is the number of users. This figure shows that there is great difference between the users with the long keyword vector and the others.
The words of which the word frequency was high were as follows; Yahoo: 129252, Auction: 60813, Search: 35957, Keijiban 2 : 31500, Japan: 20773, . . .. Figure 5 (c) shows the histogram, in which the x-axis is the word frequency, and the y-axis is the number of keywords. There are some words of which the word frequency was 10000 and over. In contrast, the number of words of which the word frequency was less than ten was 56304.
Discussion
The number of the training data and dimensions of keyword vector space affect the approximate accuracy of neural networks. The number of training data is the number of the accessed Web sites, and the dimensions is the length of the keyword vector. If a user accuses few Web sites, it is difficult to build the mapping functions because of few training data. On the other hand, if the length of keyword vector of a user is too long, we need lots of training data to improve the approximate accuracy of neural networks. Therefore, in order to make the decision-making model from actual data, we must explore how to decide the number of training data and the length of the keyword vector appropriately. Most of WebPAC users accessed few Web sites, so that we must explore how to reduce the length of keyword vector. To reduce the length of keyword vector, We can take advantage of techniques as follows, (1) integrating synonyms, (2) omitting the words of which the word frequency is too low and (3) classifying the words based on the dependency of co-occurrence among words [2] .
Conlusions
In this paper, we discussed the multiagent-based simulation approach to analyze online community activities, and the design problem of the decision-making model of an agent that constructs multi-agent systems. The online community users have the various interests and purposes, and it is difficult to approximate the decision-making model through the simple payoff matrix or utility function. In order to overcome this problem, we proposed a neuralnetwork-based method to build a decision-making model for each agent of a multi-agent system by using the Web-PAC data, which consists of thousands of Internet user questionnaire results and Web access log. Neural networks predict the attribution of Web sites that a user accesses at next step, from the access time, the browsing time and the attribution of Web site that the user accessed. As a result of WebPAC data analysis, we understood that it is important to devise the representation of the Web site attribution in order to improve the approximate accuracy of neural networks.
